1 Materials
Cardiac Differentiation
Human pluripotent stem cells (hPSCs) were differentiated into cardiomyocytes as previously reported [1] . Cells were harvested at Day 0 (undifferentiated hPSCs) and day 4 (cardiac progenitors) and lysed in TRIzol (ThermoFisher). After RNA extraction, genomic DNA was removed by DNase digestion (ThermoFisher). Digested RNA was purified by ethanol precipitation and quality checked on a Bioanalyzer (Agilent 2100). Subsequently, 1 µg of RNA was depleted of ribosomal RNA (RiboZero) and used for sequencing library prep. Sequencing was performed on an Illumina HiSeq 2000 with 60Mio paired-end 100 bp reads per sample.
Single-stranded RNA-Seq was measured for ES cells (Day 0) and after 96 hours (Day 4) in triplicates and with an average depth of 145 million reads per sample. Reads were aligned to HG38 genome with STAR [2] using GENCODE version 24 [3] as reference. Cuffdiff [4] was used to find differentially expressed genes (p-value < 0.001, absolute fold-change > 2, and the sum of expression > 5). This indicated 2,101 up-regulated genes and 2,317 genes as down-regulated. Of those upregulated genes 75 genes were annotated in GENCODE as non-coding genes. We applied TDF promoter test on these 75 up-regulated non-coding genes to study their triplex-forming potential on the promoter regions of all up-regulated or down-regulated genes (Table S8 ).
GATA6-AS RACE and ASO experiments
Rapid amplification of cDNA ends (RACE) was performed using the SMARTer®RACE 5 /3 Kit (Clontech) following the manufacturers instructions. Specific primers used for GATA6-AS amplification can be found in the Table S11 . PCR amplicons were cloned into plasmids and sequenced (>10 plasmid clones each) following the manufacturers protocol.
hESCs were maintained in FTDA medium [5] on matrigel-coated 6-well plates. When reaching confluency, cells were passaged by washing 1x with PBS and dissociating with Accutase (ThermoFisher #A1110501) supplemented with 10 µM ROCK-inhibitor (Y−27632, Stemgent) at 37°C for 10 minutes. The reaction was stopped with 2 volumes F12/DMEM (ThermoFisher). 300,000−350,000 cells were centrifuged at 300x g for 2 minutes, suspended in 2 ml FTDA + 10 µM ROCK-inhibitor and cultured at 37°C and 5% CO 2 . Media was changed in 24 h intervals with increasing FTDA volumes until cells reached confluency again.
150,000 cells were seeded in 1ml of FTA (FTDA without Dorsomorphine) supplemented with 10 µM ROCK inhibitor. On the next day the media was changed prior to transfection (800 µl FTA). Cells were transfected with 600 ng oligos and 600 ng of a control plasmid expressing GFP using a standard FUGENE protocol (oligo sequences are provided in Table S12 ). 6 hours after transfection, mesoderm differentiation was induced by adding 200 µl FTA + 3.75 ng/ml BMP−4 (R&D #314−BP−010) + 1.875 µM CHIR (Axon #1386). 18 hours after mesoderm induction medium was changed to transferrin/selenium (TS) medium (KO DMEM(ThermoFisher #10829-018), 1x TS (100x: 5.5 µg/ml Transferrin (Sigma #T8158), 6.7 ng/ml Sodium Selenite (Sigma #S5261) in PBS (Millipore #BSS-1006-B)), 250 µM 2-Phospho-L-Ascorbic Acid (Sigma #49752), 1x Penicillin/Streptomycin/Glutamine (ThermoFisher #10378016)). On the next day cells were collected in TRIZOL (ThermoFisher #15596018) and RNA was isolated according to the manufacturers protocol.
Following DNaseI-treatment, 500 ng RNA was reverse transcribed using MMLV reverse transcriptase (Promega #M170B). qPCR was performed using 1:8 diluted cDNA, 2x ORA™SEE qPCR Green ROX L Mix (highQu #QPD0505) and 5 µM primers (protocol and a list of used primers are provided in Table S13 and S14).
Chromatin Oligo affinity Precipitation (ChOP)
The ChOP assay was performed as described before with some modifications [6] . Human ES cells (undifferentiated or day 4 of differentiation, 20 x 106 cells for each) were cross-linked using formaldehyde for 10 min at room temperature followed by quenching with 0.125M glycine. After centrifugation at 1000g at 40°C for 10 min, cells were resuspended in 2ml of buffer A (3mM MgCl 2 , 10mM Tris HCl, pH 7.4, 10mM NaCl, 0.5%v/v NP-40, 0.5mM PMSF and 100 units/ml RNasin) and incubated on ice for 20 min. Nuclei were harvested by centrifugation and resuspended in 1.2ml of buffer B (50mM Tris HCl, pH 7.4, 10mM EDTA, 0.5% Triton X-100, 0.1%SDS, 0.5mM PMSF and 100 units/ml RNasin) and incubated on ice for 40 min. An equal volume of buffer (15mM Tris HCl, pH 7.4, 150mM NaCl, 1mM EDTA, 1% Triton X-100, 0.5mM PMSF and 100 units/ml RNasin) was then added and incubated on ice for 15 min. Samples were sonicated using a Bioruptor sonicator (Diagenode) for 40 cycles (30 sec on, 30 sec off at High Pulse). Ten different oligos complimentary to GATA6-AS RNA were pooled with a final concentration of 10µM and then used for the RNA pull down. As a control, a pool of 10 oligos in reverse orientation to the GATA6-AS RNA targeting oligos was used. The oligos were added to the chromatin solution along with yeast tRNA (100µg/ml), salmon sperm DNA (100µg/ml), BSA (400µg/ml). After incubation overnight at 40°C, samples were then incubated with streptavidin agarose beads for 3 hours followed by two washes of low salt buffer (20mM Tris HCl, pH7.9, 150 mM NaCl, 2mM EDTA, 0.1% SDS, 1% TritonX-100, 0.5mM PMSF and 50 units/ml RNasin), two washes of high salt buffer (20mM Tris HCl, pH7.9, 500mM NaCl, 2mM EDTA, 0.1% SDS, 1% Triton X-100, 0.5mM PMSF and 50 units/ml RNasin) and one wash of 1x PBS. The beads were then incubated with elution buffer (1%SDS, 100 mM NaHCO 3 ) for 45 min with intermittent mixing at 65°C followed by digestion 3 with proteinase K (80 µg/ml) and phenol/chloroform extraction method for DNA isolation. The fold enrichment over input was calculated considering the percentage of input chromatin used for ChOP and the Ct values obtained for the target from input DNA and ChOP DNA as follows:
Fold enrichment over input = % of input × 2
These correspond to ChOP-PCR predictions shown in Fig. 4b . All the relevant oligo sequences are in Table S15 , S16 and S17.
DBD-Capture-Seq
RNA-free genomic DNA from H1 ES cells was fragmented by sonication using Bioruptor Pico (Diagenode) to an average size of 200-300 bp. A total of 6-7 µg of fragmented DNA was incubated with 20 pmoles of biotin labeled-RNA oligonucleotides (Table S18 ) for 1 h at 37°C in 10 mM Tris-HCl (pH: 7.4), 50 mM KCl, 5 mM MgCl 2 , 40U of RNasin (Promega).
RNA-DNA complexes were bound to MyOne Streptavidin C1 Dynabeads (Invitrogen) and washed three times in a buffer containing 10 mM Tris-HCl (pH: 7.4), 50 mM KCl, 5 mM MgCl2, 0.05% Tween-20. RNA-associated DNA was eluted with 25 ng/µl RNase A and 5 mU/µl of RNase I for 30 min at 37°C and recovered by phenol/chloroform extraction. Control experiments were based on the same protocol without the inclusion of an oligonucleotide. DNA libraries were prepared from two independent experiments using the NEBNext Ultra II DNA Library Prep Kit for Illumina (NEB) and NEBNext Multiplex Oligos for Illumina (NEB) and sequenced on a NexSeq500 Illumina platform.
TRIPLEXES AND TDF -Implementation details
TDF is implemented in Python and based on the regulatory genomics toolbox (www.regulatorygenomics.org). TRIPLEXES is integrated directly into TDF via Python bindings. TDF is executed via the command line interface and requires as input FASTA files of lncRNAs and BED files of target regions (for the genomic region test) or a list of genes (for the promoter test).
All the results are reported in HTML interfaces. This output includes ranking of evaluated lncRNAs, listing of potential DBDs per lncRNA, and ranking of target DNA regions. TDF indicates the genes associated with the promoters or genes in the vicinity of the genomic regions, i.e., the closest upstream and downstream genes. TDF also provides sequences of all enriched DBDs, as well as BED files with the location of all DBDs and TTSs. These data allow users to explore interesting loci and triple helices in genome browsers. Random regions on the genome (repeat 1000 times) Table S17 : ChOP qPCR primers for down-regulated targets.
